Public perceptions
Introduction
Nuclear power, for years an anathema in many countries, could be poised for a revival. In the UK, a convergence of circumstances including a need for low carbon electricity to mitigate climate change, an emerging energy gap and increased concerns over security of energy supply, have led policy makers and increasingly the public, to reconsider the use of nuclear power as a part of the UK's energy mix (Greenhalgh and Azapagic, 2009) . Planned new nuclear build is on the rise worldwide after two decades of decline (WNA, consumption dynamics at world and regional levels. Similarly, Mez (2012) notes the constantly rising costs and associated problems of financing nuclear power plants and a shortage of technical expertise, amongst other hindering factors.
In October 2013 the UK government announced the first new build nuclear reactor since 1995, which may unlock other nuclear build in the UK (FT, 2013) . The deal followed a draft Energy Bill in 2012 (DECC, 2013 ) that detailed its approach to ensuring that future investment in UK energy infrastructure is low-carbon. In the Bill the Government committed to creating a market that makes it commercially viable for companies to invest in low-carbon technologies such as renewables, coal with carbon capture and storage, and nuclear power. The Bill also included interventionist measures, contradicting previous policy which favoured a free and open energy market (DTI, 2007) . In particular, 'contracts-for-difference' will be issued to energy producers guaranteeing a given price for the energy they produce regardless of the current market price. Whilst the Bill may go some way towards reassuring investors that the economics of low-carbon generation, including nuclear power, are viable, other issues relating to the public opinion of nuclear power stations, such as NIMBY-ism ('Not In My Backyard') (Welsh, 1993) and risk perception, are likely to influence future nuclear build in the UK. Lee et al.'s (2007) analysis of strengths, weaknesses, opportunities and threats (SWOT) for nuclear power reveals the relevance of 'political consumerism' for energy supply, which manifests itself indirectly in terms of influencing government decision making on the contribution of nuclear to the energy mix, and directly in terms of decentralised domestic energy production and consumption. But there is no simple definition of 'public' opinion; instead, a wide range of groups exist with different positions, opinions and discourses, from absent to ambivalent to deeply held Corner et al., 2011; Parkhill et al., 2013) . Pidgeon et al. (2008) also note the significant number of people that remain opposed to nuclear power in the UK and point to the potential for social mobilisation and conflict around future nuclear development. Key issues related to the public's views of nuclear power include trust of the nuclear industry, understanding of nuclear technology and confidence in 'expert' views on risk issues such as reactor safety and the long-term solutions for the storage and/or disposal of radioactive waste (Ipsos MORI, 2010) . Perception issues of trust, safety and knowledge are not unique to the UK public, nor to the nuclear industry. Huang et al. (2013) and Upham and Roberts (2011) provide an insight into the public's perception of the chemical industry and of carbon capture and storage (CCS) technologies, respectively. Huang et al. (2013) show evidence that personal knowledge, effect of accidents, perceived benefits and trust in the risk management abilities of the authorities were significant in explaining public perceptions of the chemical industry in Jiangsu Province, China. Similarly, Upham and Roberts (2011) provide international evidence of the public's perception of CCS as determined by their familiarity, concern about storage risks and a lack of trust in government and industry.
Understanding how psychological factors play out within a wider socio-cultural context is particularly difficult. The "affect heuristic" (Keller et al., 2012) asserts that people's perceptions of nuclear power are based on the images and associations they hold. People who support new nuclear installations associate the technology with positive images such as guaranteeing energy supply; those against associate nuclear plants with images such as radioactivity, accidents, risks, war (Siegrist and Visschers, 2013) . Barnes Truelove (2012) carried out a wide-ranging study of perceptions of different energy generation technologies (including nuclear) in the US. Of the energy sources surveyed, Barnes Truelove reports that nuclear and coal energy were viewed most negatively by the public; importantly, the perceptions were a significant factor in the variation in support for each of the energy sources.
When (major) incidents occur, like the one at Fukushima, Japan, in March 2011, perceptions of nuclear power are negatively affected (as one would expect), but longitudinal studies show that the effect is moderate, and that perceptions are stable in the long-term (Siegrist and Visschers, 2013 ). This does not mean, however, that perceptions cannot be changed. An evolutionary perspective on nuclear power in the Netherlands by Geels and Verhees (2012) and Mulder (2012) draws attention to the 'cultural legitimacy' of new technologies and focuses on the role of 'legitimate' organisations in shaping public opinion of nuclear power. Cultural change is considered as a contested process by Geels and Verhees (2012) , shaped by various groups who attempt to influence the attitudes and opinions of different audiences, one of which is the general public whose support is required to progress the 'innovation journey' (i.e. facilitate diffusion of nuclear power plants). The authors argue that by creating positive images early-on (pre-1970) , the innovation journey of nuclear power was facilitated in the Netherlands only to be slowed later (1970s and 1980s) when these positive images and legitimacy of the industry were undermined by the popularity (credibility) of anti-nuclear movements; wider concerns about the environment, technology and governance; and the accident at Chernobyl. Mulder's (2012) analysis complements that of Geels and Verhees by drawing specific attention to the importance of public trust in the government and nuclear industry to safeguard public interests and not to create unacceptable risks.
Whilst there is no consensus in the literature, a review of these studies indicates that public support for nuclear is a determining factor in its diffusion, that public perception is dynamic and can be shaped by legitimate 'actors' and that transparency and stakeholder participation in the decisionmaking process are important. Given the inertia of perceptions of nuclear power, going beyond awareness raising to engaging the public in the design process of nuclear power plants may offer a more transparent, participatory approach to improve the governance of energy supply options. Previous work by the authors has identified a need for research into the possibility of including public input in the design of new nuclear power plants (Goodfellow et al., 2011) . The purpose of this research was to begin to explore the public's perceptions of nuclear design options with the ultimate aim of integrating such views into the design of new nuclear plants (see Goodfellow et al., 2014) .
This aim is not trivial and there are at least two issues to consider: how to determine the public's views on different nuclear plant design options; and how to integrate this largely non-technical or 'soft' information into the design process alongside the 'hard' technical design input and strict regulatory requirements.
This paper focuses on the former issue; for the latter see Goodfellow et al. (2014) . Previous efforts to understand the interactions between public perception and nuclear design have been very limited (Goodfellow et al., 2011) . Krieg (1993) proposed simplifying containment structures around nuclear plants and using more transparent design methods in order to assist the public in understanding the safety procedures in use. Krieg's argument was that "engineered safeguards not only are to prevent damage and injuries to people and the environment, but are to make all these achievements plausible to the public. . ." (sic). However, it is not clear if and how this argument has been integrated into the design of nuclear plants that are currently being proposed. Sohn et al. (2001) used the psychometric model (Fischhoff et al., 1978) to quantify publicly expressed risk perception for use in decision-making models. The work suggested that risk perception is an important factor in nuclear-related decision making, but that such engagement and incorporation of views can only take place when a transparent, fair and two-way process is applied. A recent example of attempting to engage the public on a design issue can be found within the nuclear industry through the original decision by Horizon Nuclear Power to pursue fan-assisted cooling towers in the new-build developments on the Oldbury site in Gloucestershire, UK. According to Horizon, this decision was made, in part, through consultation and feedback provided by local communities (Horizon Nuclear Power, 2010) . 1 In this paper we take a broad approach to determine the public's views on a variety of possible design options for a new nuclear plant. We use an electronic survey to elicit opinions but acknowledge that, in practice, multiple methods of engagement would be required to fully understand the public's views of reactor design. These would likely include focus groups, liaison meetings, interviews and formal written responses (Powell and Colin, 2008) . The approach documented in this paper is a first attempt at eliciting a response on this topic and should be considered 'proof of concept', demonstrating that a two-way engagement between the public and the nuclear designer is possible and feasible. Our underlying hypothesis is that by engaging the public in the design process at an early stage, some of the problems of trust and legitimacy can be ameliorated. Our findings contribute to the literature on the governance of energy supply technologies and the involvement of the public in the innovation process. The paper is structured in the following way: Section 2 discusses the research method we used to explore the public's perceptions of design aspects (the full questionnaire appears in the Supplementary Information). The results of the study are then presented and discussed in Section 3. Further discussion of the implications of the findings in light of previous studies follows in Section 4. The conclusions of the study and recommendations for future research are summarised in Section 5.
Research method
A survey using an on-line questionnaire and a subsequent statistical analysis were used to capture and analyse the public's views on the design options of nuclear power plants. For these purposes, a cross-section of the UK population (n = 1304) was surveyed using a set of novel questions developed as part of the research. Most questions had multiple choice options, where respondents could express the intensity of their opinion on a 'Likert' scale (Bryman, 1995) . In this section we describe the development and the content of the questionnaire and how the survey was carried out. The statistical analysis is discussed in Section 3.
An on-line survey by questionnaire was selected for this work because of the need to consult a reasonably large and representative sample over a relatively short period of time. The former was necessary to ensure that the public's views are as representative of the UK population as possible, and the latter to minimise the effect of possible events that could occur in the course of carrying out the survey (such as a nuclear accident) and bias the research. For these reasons, interviews or focus group discussions were considered inappropriate. It was also deemed impractical to have an open-ended questionnaire due to the complexity of the subject, so the questions were designed to focus on specific aspects with the respondents being able to choose among multiple-choice answers.
The development of the questionnaire was carried out in two steps. A pilot was developed first and tested on a small sample of the public (n = 80) to find out if the concept would work and ensure that the questions were clear. Later, the full questionnaire was developed, comprising three sections:
• Section A, with questions on the participants' familiarity with, and their existing views on, nuclear power and the nuclear industry; • Section B, with questions on 12 aspects of nuclear plant design, such as siting and size of new plants, type of safety system and nuclear fuel recycling; and • Section C, with a range of questions to determine the demographics of the sample.
Section A and section B of the questionnaire are presented in full in Supplementary Information. Section A was included in the questionnaire to test if and how the respondents' underlying views and beliefs about nuclear power (independent variables) may influence their choice of design options in section B (dependent variables).
As noted in the introduction, there are many factors that could potentially influence the public's opinion on different design options for nuclear power plants and it would be impossible to probe all areas within one piece of work. To ensure consistency and to enable cross-comparisons with previous studies on the public's views on nuclear power, several of the questions are either identical or similar to the questions asked in other studies, as follows:
• Q1.1, 1.2 and 1.5 were asked by Ipsos MORI (2010 ; and • Q1.6 was similar to a question asked by Eurobarometer (2010) .
The other questions in section A are driven by a variety of factors:
• Q1.3 on how well respondents understand the technical aspects of nuclear power; • Q1.4 focussed on the impending 'energy gap' in the UK (Greenhalgh and Azapagic, 2009) , which is one of the primary drivers for new build of power plants (nuclear or otherwise) in the UK; • Q1.7 and 1.8 were inspired by recent research that suggested the public's attitude to nuclear power in the UK was governed by a risk vs. risk trade-off between the risk of nuclear waste and the risk of climate change (Poortinga et al., 2005; Bickerstaff et al., 2008; Pidgeon et al., 2008) ; and • Q1.9 and Q1.10 were asked in an effort to understand if respondents' interest in nuclear power or other general issues (e.g. volunteering) affected other answers. For example, the question about volunteering was used to test the extent to which participants have been engaged in 'public' issues and are likely to take an interest in issues of wider public interest.
The questions in section B were the main objective and focus of this research. Selection of design aspects to be included in the questionnaire was determined by analysing previous research and focussing on the nuclear issues that caused the public the greatest concern. The findings of previous studies are summarised in Table 1 .
Through an iterative process of discussing, brainstorming and analysing the data in Table 1 , in consultation with a range of experienced academic and industrial experts, a list of 31 different design aspects that might be behind the concerns documented in Table 1 was created. These 31 aspects were condensed to 12 by further in-depth consultation with 14 experienced individuals including nuclear engineers and engineering managers with significant experience of the UK nuclear industry (between 10 and 40 years); communications and stakeholder engagement professionals with substantial experience of the UK and global nuclear industry (between 20 and 40 years); and industrial and academic professionals with experience of protest movements and the impact of corporations on culture and society.
The following criteria were created and applied in the refining process of the design aspects:
• relevance: does the aspect relate to the perceived risk and/or the 'visibility' of nuclear power; • technical difficulty: can the aspect be understood by the layperson and can it be treated (at least to some degree) in isolation from other aspects; • significance: would a positive or negative response relating to a chosen aspect lead to an obvious shift in the design of a nuclear plant; and • range: do the aspects cover a range of different and relevant design features.
The design implications of some of the aspects in Table 1 may not be immediately obvious. For example, many issues related to nuclear waste are associated with final disposal, which is something that does not necessarily influence power plant design. However, issues such as fuel and waste transport to and from site; recycling nuclear material; and using mixed oxide fuels (MOX) in new nuclear plants, do influence plant design. Whilst waste transport may not immediately seem to be part of the design of a nuclear plant, it is important to consider how the plant integrates into the wider environment. This includes a consideration of local infrastructure readiness/development and a consideration for how nuclear materials can be taken from and to the plant during its lifetime. For example, the issue of nuclear waste transport has previously impacted large nuclear projects, including in some States in the USA, denying permission for waste to be transported through their territory en-route to the proposed final geological disposal site at Yucca Mountain in Nevada (State of Nevada, 2009). 2 Safety influences a wide range of design aspects that also relate to other categories (e.g. an outer impact protection dome is related to both safety and security); indeed only three of the final 12 questions in section B of the questionnaire did not relate directly to safety. The environmental impact of nuclear plants is part of wider considerations relating to other industrial facilities and is complicated by the wide range of different concerns that the public holds about the environment (Ipsos MORI, 2010) . Environmental impact in the context of this research was therefore limited to aspects such as aesthetic design, visual impact and site location. Terrorism relates to all aspects of the plant, but in very specific ways: aircraft impact protection was a very clear example where it was thought that the public would be able to make a design choice. The proliferation of nuclear material is most easily accomplished with material that has not recently passed through a nuclear reactor and has been refined to the high isotopic concentrations required for use in weapons. Military grade plutonium which has been stored in a 'pure' form for possible future use in weapons poses one of the highest proliferation risks. In recent years such material has been down-blended for use in mixed oxide fuels in nuclear plants (USEC, 2012) . However, historically there have been protests and objections to nuclear weapons and the civilian nuclear industry has been keen to distance itself from military applications (Kasperson et al., 1980) .
It was important to ensure that the design options presented to the public be as clear as possible (shown in Table 2 ) and that jargon and technical language was replaced with plain English. To aid this, some of the questions included images or a short explanatory text. Furthermore, the questions (see Supplementary information) were designed to minimise implicit bias towards any particular response. For that reason, some aspects such as costs of nuclear plants were excluded from the questionnaire as they had the potential to cloud any underlying risk perceptions owing to the high costs associated with nuclear power. Similarly, radiation discharges from the normal operation of nuclear plants were not considered either. Although the radiation discharges from modern nuclear power plants are typically very low (Environment Agency et al., 2013) , the issue is controversial because of the assumed 'linear no-threshold' model used for estimating the health effects of exposure to low levels of radiation (Tubiana et al., 2006) . The survey was carried out on-line using the services of TNS who have access to a large cross-section of UK population. A typical sample size for national opinion polling is around 1000 (Ipsos-MORI, 2000) . In this research, a sample of n = 1304 adults aged 16+, and demographically representative of the UK population, was surveyed over the period 18-22 August 2011. Selected demographic characteristics of the sample are shown in Table 3 .
Care was taken to ensure that other research in the TNS research omnibus that week was dissimilar from this research in an effort to minimise any potential for crossover influence on responses. The following section presents and discusses the results of the survey.
Results
Owing to space limitations, only abridged data are included and discussed; the full data set and results from the questionnaire can be obtained directly from the authors. 
Section A -public's views on nuclear power
Findings from the questions on respondents' views on nuclear power asked in Section A are outlined in Table 4 . The responses suggest that there is more support for than opposition to nuclear power and associated new build in the UK. However, mirroring other studies, this is tempered by a significant level of concern about the level of risk posed and a lack of awareness or information around key issues such as longterm waste disposal, the relation between nuclear power and climate change, and understanding the technical details of nuclear power. The fact that half of the respondents only thought about nuclear power when prompted and almost two thirds have never done any volunteering work suggests that engaging the public in issues related to nuclear power may be challenging.
On the subject of new nuclear build in the UK, Fig. 1 shows the trends for public support and opposition over the last decade (see also Table 5 for the questions asked). The general trend over the last decade has been an increase in support and decrease in opposition to new nuclear build (Ipsos MORI, 2011) . Immediately after the Fukushima incident there was a sharp dip in support and rise in opposition, although this has since reverted back to levels in line with the trends observed previously (FoE and GfK NOP, 2011; Ipsos MORI, 2011) . The research detailed in this paper was carried out in August 2011 and Fig. 1 suggests that the public's answers to the questions posed in the survey were probably not affected by the Fukushima incident, although it is difficult to rule out completely its potential influence. Our findings are consistent with other recent studies reflecting on the response to Fukushima (e.g. Siegrist and Visschers, 2013) , and those that have considered the legacy of previous nuclear accidents (e.g. Bolsen and Cook, 2008) , which demonstrate that downturns in the favourability of nuclear power can follow incidents but that the impact is moderate and that long-term opinions are rather stable.
Section B -public's views on design aspects
As this is the first questionnaire to attempt to ask the public questions relating to nuclear design options, the first 'test' was to find out if the public could answer the questions in a meaningful way. Whilst it is difficult to establish criteria to judge what a 'meaningful' answer is in this context, one criterion which potentially highlights the level of difficulty that participants had in answering the design questions is the proportion of people that answered 'I don't know' for a given question. This is summarised in Table 6 , with the three questions with the highest percentages of 'I don't know' highlighted in grey. The three highlighted questions are arguably the hardest for any person to answer (including experts in the field) so it is perhaps unsurprising that they were the questions with which participants struggled most. It also seems unsurprising that the lowest 'I don't know' percentage (11%) is for question 2.2 which deals with aesthetic design, perhaps the easiest concept for participants to understand and identify with. Questions 2.1, 2.3, 2.4, 2.6, 2.8 and 2.11 all had 'I don't know' responses of slightly higher than 20% (20-23%). This is still a relatively high proportion, again suggesting that around one fifth of people Table 5 -The questions used to plot the data in Fig. 1 . 'Strongly' and 'tend to' responses are combined to obtain the 'support' and 'oppose' data used in Fig. 1 Q2.3 If you were given the choice by a utility company over which towers to use at a power plant to be built in your region, which of the following would best describe your opinion? 21% Q2.4 Given the same total energy output, how does the idea of having several smaller reactors on one site instead of one large reactor make you feel? 21% Q2.5 If a new nuclear power reactor were to be built, which of the following would best describe your opinion related to nuclear reactor design? 27% Q2.6 Which of the following would best describe your opinion about possible protection measures from external impacts? 20% Q2.7 If both active and passive safety systems are accepted for use on nuclear plants by the independent nuclear safety regulator, which of the following options would you prefer? 32% Q2.8 If new nuclear plants used 'high integrity' digital computer controls that were certified by the independent nuclear safety regulator, how would you feel? 23% Q2.9 Do you believe that nuclear fuel should be recycled? 26% Q2.10 Do you agree or disagree that nuclear weapons material should be used to produce electricity? 17% Q2.11 It is proposed that nuclear waste be stored underground indefinitely. I believe. . . 22% Q2.12 Some of the options in the previous question on waste disposal would require the waste to be moved between sites. This can be achieved by rail, road or sea transportation (or a combination of these). How do you feel about this?
16%
a Dark grey shading indicates the highest percentages of 'I don't know' answers.
either struggled to understand the question or to reach a decision. As always with this type of research, it is possible that a higher proportion of people did not know but 'guessed' an answer. However, the percentage of 'I don't know' answers obtained here is in line with values seen in other nuclearrelated questionnaires (e.g. Eurobarometer, 2010) , suggesting that the questions asked in the current research were no more difficult for the lay public to answer than in other related surveys. In line with previous research (e.g. Pidgeon et al., 2008) this demonstrates that the majority of the general public is able to express opinions on quite complex technical issues.
The full results from section B, indicating the public's views on different aspects of nuclear power plant design, are shown in Table 7 . Briefly, the results highlight a strong preference (more than 50% support) for locating future nuclear power plants away from cities, for recycling reactor nuclear fuel, and for the use of nuclear weapons material as fuel for electricity production. There was a second group of responses where support accounted for around 40% of all responses: a preference for the design of nuclear power plants to be in-keeping with the local environment, for using alternatives to the hard outer impact dome to counter terrorism, and for fan-assisted (as opposed to natural draft) cooling towers. Also in this second group of common responses, a preference for not transporting nuclear waste (because it was deemed dangerous) was observed. Other questions elicited less consensus: for example, a third of respondents expressed a preference for multiple smaller reactors but slightly more respondents were unsure of the safety implications of more small versus fewer large reactors on a single site. Finally, one question divided opinion: there was no clear preference for underground storage of nuclear waste.
What might be under-pinning responses to the section B questions is explored next. First, the relationships between the answers in Sections A and B are presented, followed by analysis of the answers for different demographic groups.
Analysis of relationship between answers in Sections A and B
Further analysis of the data from the questionnaire was carried out by cross-tabulating the results from section A with the results from section B to find out if the former had an influence on the latter. Somers' D, commonly used in rank statistics, was used for these purposes (Somers, 1962; Newson, 2014) . Somers' D is a measure of the relationship between two ordinal variables; its values range from −1 to 1 with a value of 1 indicating a strong positive relationship, −1 a strong negative relationship and 0 no relationship. The direction of the relationship is dependent on the direction of the numerical coding applied to the answers in the questionnaire, which is shown in Tables 4 and 7. A positive relationship means that as variable A increases variable B also increases; it is important to remember that this 'increase' is in the coded value of the variable rather than the variable itself. This means that in some cases as the coding scale increases, the negative relationship with the coding scale (i.e. negative D value) may in fact indicate a positive relationship with the variable. As per standard practice in statistical analysis, only relationships with the probability of occurring of 99.95% and greater (i.e. with the p-value of p ≤ 0.05) are deemed statistically significant. Because Somer's D is an ordinal-ordinal comparative relationship, responses such as 'I don't know' and 'Other' were discounted from the statistical analysis.
The data from sections A and B were cross-tabulated using the statistical analysis package SPSS 16.0 and Somers' D was calculated to determine the probability of the existence of any asymmetric (one-directional) relationships between dependent (Section B) and independent (Section A) variables. Few statistically significant relationships were found. Those that were discovered are described below. Only relationships with p ≤ 0.05 and of a strength greater than 0.2 or −0.2 were considered to be meaningful. A relationship strength of Somers' D 0.2 or −0.2 is still weak but any number of factors might influence an individual's responses to the section B questions. Therefore, it is unsurprising that the only relationships found between the relatively short list of section A questions and the section B questions are weak.
In particular, the following relationships are observed between questions in Section A and B, respectively:
• As familiarity with the nuclear industry decreases (Q1.2 in Section A), dislike of weapons material recycling increases (Q2.10 in Section B, D = 0.356, p < 0.005), belief in a longterm solution for nuclear waste declines (Q2.11, D = 0.354, p < 0.005) and the perception of waste transport being unsafe increases (Q2.12, D = 0.470, p < 0.005).
• Similarly, as support for new build decreases and opposition increases (Q1.5), dislike of weapons material recycling increases (Q2.10, D = 0.400, p < 0.005), belief in a long-term solution for nuclear waste goes down (Q2.11, D = 0.351, p < 0.005) and belief in waste transport being unsafe increases (Q2.12, D = 0.469, p < 0.005).
• As the level of perceived risk of nuclear power decreases (Q1.6), the belief that waste transport is safe increases (Q2.12, D= -0.385, p < 0.005).
• People who perceive nuclear power as more carbon intensive (Q1.7) also have a tendency to believe that recycling weapons material is a bad idea (Q2.10, D = 0.366, p < 0.005).
• Respondents who have a more negative view on the existence of a clear solution for long-term waste disposal (Q1.8) are more negative about indefinitely storing nuclear waste underground (Q2.11, D = 0.366, p < 0.005) and believe that waste transport is less safe (Q2.12, D = 0.334, p < 0.005).
No significant relationships were found between how often people think about nuclear power, whether people currently volunteer or have done in the past, and any of the Section B questions on aspects of nuclear design, waste management and transport. Furthermore, no significant relationships were found between any of the questions in Section A and questions Q2.3-2.7 in Section B. This suggests that the public's choices for some design options may not be related to, or influenced by, their pre-existing views on nuclear power and the nuclear industry.
Analysis of results for different demographic groups
To analyse any influence of the demographic variables on the results, the data were split by gender, region and age, crosstabulated for the questions in Sections A and B and Somers' D re-calculated. Owing to space restrictions, only results where a difference between the values of Somers' D was at least 25% are shown.
Somers' D was calculated separately for men and women; selected results where disparities between the genders existed are presented in Table 8 . The analysis suggests that some of the section A variables (Q1.2, Q1.5) influence women more when plant aesthetics are considered (Q2.2) and that some of the section A variables (Q1.2, Q1.3, Q1.5, Q1.7) influence men more when fuel recycling (Q2.9) is considered.
An analysis of the data, broken down by geographic region of North (Scotland, North-West, Yorkshire and Humberside and North-East), Midlands (East and West Midlands, East of England and Wales) and South (South-East, London and South-West) is shown in Table 9 . This analysis highlights limited variability in Somers' D between the regions, which is arguably because the geographic areas used in the breakdown are too large and incorporate too many different communities to allow a more granular analysis. However, it is not possible to carry out a more localised analysis with this data set as subsamples in the breakdown are too small to allow meaningful statistical analysis.
A breakdown by age group was also carried out. In order to ensure that sub-samples were not too small for analysis, the categories were grouped into 16-34, 35-54 and 55+. Several relationships showed variability by age group, as seen in Table 10 . In many of the cases in Table 10 , the younger respondents showed the weakest relationship between independent and dependent variables, and the older respondents the strongest; this is particularly obvious in the relationships associated with questions on nuclear waste disposal (Q2.11) and nuclear transport (Q2.12). The reverse is observed for the question on site location (Q2.1) where the responses provided by the young seem to have stronger relationships than those provided by the older people. 
Discussion
On the whole, the results of the survey (shown in (Huang et al., 2013; Upham and Roberts, 2011) . It is perhaps not surprising that the design issues that most evoked consensus revolved around safety and environmental risks. Overall, the findings indicate that the design preferences expressed by the public are largely consistent with the current approach taken by design engineers. These include a comprehensive approach to safety, integration of novel technology where appropriate and minimisation of waste and transportation of nuclear material (EUR, 2011) . However, disparities exist between the public's view and the designs of new nuclear build relating to aesthetics. For example, the advanced boiling water reactor currently considered in the UK is large scale (>1200 MW), with several reactors planned at each site, necessitating large containment buildings and the accompanying infrastructure. This is at odds with the responses received to Q2.4 whereby a significant proportion (32%) of the public would prefer multiple smaller reactors.
Interestingly, by exploring the relationship between answers to Section A and Section B, further analysis revealed that the public's views are based on and influenced by a range of factors. There is evidence of weak asymmetric relationships between some design preferences and participant's familiarity with, and existing views on, nuclear power and the nuclear industry. For example, our analysis shows that both unfamiliarity with the nuclear industry, and opposition to new nuclear build, are correlated (weakly) with negative perceptions of proliferation and issues around waste. These results lend some support to the findings of previous studies that have identified knowledge and awareness and discourse/image 'framing' to be important factors in shaping perception Jones et al., 2012) . Furthermore, people with environmental concerns about nuclear power also hold negative perceptions of nuclear proliferation and waste. Previous studies have shown that reservations from an environmental perspective are deeply entrenched: evidence from the UK suggests that support for nuclear amongst people with higher environmental values is only "reluctantly" given, and only then when other preferred options have been exhausted (Bickerstaff et al., 2008; Pidgeon et al., 2008; Corner et al., 2011) . Similar evidence of reluctance can be found in the US (Barnes Truelove, 2012) .
In Mulder's (2012) and Geels and Verhees' (2012) longitudinal studies in the Netherlands, the involvement of citizens in decision making emerged as a necessary (but not sufficient) condition upon which the legitimacy of nuclear power hinged. In their work, engaging the public is seen as reinforcing 'cultural legitimacy'. We suggest that involving the public in the design of nuclear power plants is one mechanism for their engagement, especially when our analysis reveals that the public's preferences for some design options are not related to or influenced by their pre-existing views on nuclear power and the nuclear industry. Entering into extended/multiple types of communication with the public (not just survey but other two-way research methods, see Sohn et al., 2001 ) as part of a transparent design process (Krieg, 1993) may help also to improve trust between the public and the nuclear industry and government (or bodies responsible for nuclear energy), which can be seen to hold-up 'innovation journeys' not only in the nuclear industry (Mulder, 2012) but also other industries (Huang et al., 2013; Upham and Roberts, 2011) .
Positive framings are also important in shaping (maintaining, regaining) public perceptions, which affect support for, or opposition to, nuclear power (Keller et al., 2012) . Awareness raising of new technology, new design and environmental impacts of nuclear will contribute to the discourse and shape public perceptions. In light of the UK government's Energy Act (DECC, 2013) , these results suggest that more could potentially be done by the nuclear industry to pave the way for new nuclear build. Closer and deeper engagement with the public, through work such as that presented in this paper, may have the potential to further reduce the gap between public opinion and the drive for nuclear new build, as well as between perceived and estimated risk. When engagement does take place, care must be taken by those involved to ensure that facts are presented in a neutral manner and not 'framed' in a biased context, though recent research has suggested that framing of issues may be less dominant than other factors (such as anchoring to existing beliefs) for the outcome of engagement processes (Jones et al., 2012) . Interestingly, this was not the case in our study, which begs further study of the extent to which the public's existing beliefs affect their perception of design issues and, by association, of nuclear power.
Previous studies have reported mixed evidence on the significance of gender and age (e.g. Barnes Truelove, 2012; Venables et al., 2012) . In our study, the age and gender analysis highlighted only small differences of opinion, suggesting that different design aspects are a little more sensitive to some groups than others. Although the regional analysis did not show much difference in opinions across the UK, we know that proximity and place play an important role in shaping perceptions (Venables et al., 2012) . To that end, it is likely that local residents' opinions may need to be prioritised in the design of new nuclear plants. This is tempered, however, by the pragmatism required in designing a reactor type that may then be situated on multiple sites, in multiple countries; the prevailing design vision that 'one plant fits all' may not fit with different public views in different locations. It would be quite uneconomic to customise each reactor for every site without significant changes in both the way that nuclear reactors are designed and the economics of their construction. Such considerations merit further research.
Drawing wider recommendations from our work should be done with caution. It is likely that different strategies across countries will depend on the state of the discourse between relevant stakeholders. Our results suggest that policy makers in roles related to strategic decision making and technology selection may need to place more emphasis on the role that the public's interpretation of the specific design features plays if they wish to improve the social acceptability of large infrastructure projects like nuclear plants. This is potentially of greater importance in countries with free energy markets as the public may expect and demand a higher degree of engagement. Different national governments employ different discourses for engaging with their public on the topic of energy policy (Teräväinen et al., 2011) . However, this does not weaken the case for better public engagement in other countries where nuclear operations are largely nationalised as they are as vulnerable to public opposition, protest and in extreme cases, direct action against new build (e.g. protests against the construction of new reactors at the Kudankulam nuclear power plant in India (Times of India, 2012a , 2012b ). Further research is required before the results of this research can be generalised beyond the borders of the UK.
Conclusions
This paper has presented a first attempt at understanding if the public can provide input into the design of nuclear power plants and what that input might be. A research questionnaire was chosen as the means to investigate this area. Although this allowed a large number of people to be questioned, it limited the range of questions that could be asked and the depth to which underlying factors could be explored by means of statistical analysis. Our analysis suggests that the public are willing and able to offer an opinion on different aspects of nuclear design. While some of the considerations are currently recognised and consulted upon (e.g. environmental concerns, waste disposal), others have not received the same level of attention (e.g. protection systems, multireactor sites, passive versus active systems). The method presented offers an approach by which the public can be engaged on relevant issues to nuclear design. Though fairly crude, the visual representations and short explanatory text facilitate understanding in a manner that could be applied to other design aspects, militating against the complexity that inevitably complicates public engagement in technical issues and against an expected rise in the number of 'I don't know' answers. Further work is required to ensure that such expressed opinions are a fair representation of the views of the wide range of individual views that coexist within the public. Although care was taken not to bias the results by explicitly outlining trade-offs between different design options and leading responses, further research using different methods -such as semi-structured interviews -could be used to understand why specific design aspects were chosen by the public over the alternatives. This would contribute towards a better understanding of underlying factors driving public's preferences for the chosen design aspects and allowing more definitive conclusions to be drawn on design preferences. Our findings suggest that policy and decision making related to new nuclear build should seek to understand and account for the various factors behind the public's perception of nuclear power. Transparency and stakeholder participation in the decision making process is crucial and this study indicates that integrating views of the public in nuclear power plant design is one contributing mechanism. Further work is also needed on how to integrate such information into the existing engineering procedures to aid design of socially more acceptable nuclear plants. A method for achieving this integration is proposed in a parallel work by the authors and suggests that engagement activities, such as that documented in this paper, ought to be carried out by reactor designers and energy utilities at the earliest possible stage of a new build project (ideally during the early stages of reactor design). By doing this, the designer can take into account the views of the people who will be living with the reactor during its construction and operation (and possibly decommissioning). This research attempts to elicit such feedback from the public regarding nuclear power plant design. The paper argues that such efforts will help to improve levels of engagement between the nuclear industry and the public, with the potential gain of improving the social acceptability of nuclear power.
